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1.0 INTRODUCTION 
Nowadays, the need for efficient and low cost material or product has increased due to cost perspective.  One of 
the major factors to determine the cost efficiency is the materials used in conventional application. Harrison et 
al. (2011) stated that higher cost means lower productivity and consequently this reduces the profit. Therefore, 
alternative materials having same or better properties as the conventional material need to be explored as it can 
offer lower cost.  
One of the alternative materials that widely been investigated is natural fiber. These material is very easy 
to get and it is cheap (Guilbert et al., 2011). There are many natural fiber widely used today such as cotton, 
hemp, flax, jute, kenaf, and coconut. These materials are better mechanical properties such as light weight, low 
density, and high ductility compared to several conventional materials such as steel, plastic and ceramic 
(Yuhazri et al., 2010a). However, against the heat insulator application, these materials are less effective since 
they have conductor characteristics.  
Heat is a form of energy which is stored in molecules as molecular vibration. More vibration produces 
higher temperature. Material that has higher amount of molecules will vibrate faster thus will produces higher 
temperature. The higher of material’s density (more molecules), the better heat can be produced to become 
more conductive. Lower material’s density is the good for heat insulator (Guo and Feng, 2011). Heat moves in 
three ways which are conduction, convection, and radiation (Craven and Robbin, 2011).  
In conduction, heat is transfered through a medium which has contact to each other. While in convection, 
heat moves through freely in gas or liquid in circulate motion. These two mechanism work only if there is 
intervening medium to enable them. In radiation, the heat is reflected on a surface to another. 
The reason of this research is to find out various applications of natural fibers by applying the new natural fiber 
composite materials, especially when it comes to heat insulator.  
 
ABSTRACT 
In this research, usage of coconut fibers and natural rubber as main materials for heat insulation 
application has been investigated. Both materials have significant advantages due to their high 
quality characteristic and abundant availability in Malaysia. Cold press technique was used to 
produce 12 different compositions of latex, which are 5 wt.%, 10 wt.%, 15 wt.%, 20 wt.%, 25 
wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.% and 60 wt.%. The result showed 
that composite specimen with 30 wt. % latex is the best compositions as it can absorb 95% of heat 
in the heat test. This is better than actual product that was made by synthetic rubber material. 
Also, the best result of the tensile test and compression test for the Young’s Modulus values are 
33.473 kPa and 79.59 kPa respectively. Hence, the composite with 30 wt. % of natural latex is 
most suitable for the heat insulator application. 
 
Keywords: Coconut Fibers, Natural Latex, Cold Press and Heat Insulator 
OPTIMIZATION OF COCONUT FIBERS TOWARD  
HEAT INSULATOR APPLICATIONS 
Global Engineers & Technologist Review, Vol. 1  No.1  (2011)  
© 2011 GETview Limited. All rights reserved 
 36 
2.0 MATERIAL SELECTION AND PREPARATION 
The selected and used materials of this research are coconut fiber in type chopped strand mat and latex (natural 
rubber) as readily available as agricultural waste materials. These natural fibers exhibit many advantageous 
properties as reinforcement for composites since they are of low-density materials, yielding relatively light 
weight composite with high specific properties (Mohd Yuhazri et al., 2010b). Besides, they offer significant cost 
advantages and benefits associated with processing as compared to synthetic fibers such as glass, nylon, carbon, 
etc. However, the mechanical properties of natural fiber composites are actually much lower than synthetic fiber 
composites. Another disadvantage of natural fiber composites in which makes them less attractive is the poor 
resistance to moisture absorption (Sabeel and Vijayarangan, 2008). Hence, the use of natural fiber alone in 
polymer matrix is inadequate and unsatisfactorily to all of the technical needs for a fiber reinforced composite. 
In an effort to develop a superior and economical composite, therefore a natural fiber can be combined with a 
synthetic fiber in the same matrix material to take the best advantage of the properties of both the fibers 
(Brahmakumar et al., 2005) and (Mohd Yuhazri et al., 2010b). The potential of natural material as main objective 
stressed and exposed of this research are in order to replace synthetic material. Also, by using natural fiber 
composites it enables promotion of waste reduction efforts as well as to make it a very valuable finding for the 
future (Sabeel and Vijayarangan, 2008). 
 
2.1 Coconut Fiber 
Coconut fiber was obtained from the fibrous husk (mesocarp) of the coconut (Cocos nucifera) from the 
coconut palm, which belongs to the palm family (Palmae). Coconut fiber has high lignin content and low 
cellulose content, so as resulted of resilient, strong, and highly durable materials characteristics. The 
remarkable lightness of the fibers was due to the cavities arising from the dried out sieve cells. Coconut 
fiber is the only fruit fiber usable in the textile industry. Coir was obtained by retting for up to 10 months 
in water followed by sun-drying as shown in Figure 1(a). Once dried, the fiber was graded into "bristle" 
fiber (combed, approximately. 20 - 40 cm long) and "mattress" fiber (random fibers, approx. 2 - 10 cm 
long) (Sabeel and Vijayarangan, 2008). This research used random fiber with approximately 3 to 5 cm, 
then press into chopped strand mat. 
 
2.2 Natural Rubber/Latex 
Generically, latex refers to a stable dispersion (emulsion) of polymer micro particles in an aqueous 
medium. Latex maybe formed naturally or synthetic. Latex as found in nature is the milky sap of many 
plants that coagulates on exposure to air. It is a complex emulsion in which proteins, alkaloids, starches, 
sugars, oils, tannins, resins and gums are found. In most plants, latex is white, but some have yellow, 
orange, or scarlet latex is the early process to collect the fresh natural rubber (Kumari et al., 2010). The 
latex used refers to natural latex rubber; particularly for non-vulcanized rubber, such as in products of 
latex condoms and latex clothing. Latex can also be made synthetically through polymerizing process of a 
monomer that has been emulsified with surfactants. Currently, many plant functions have been attributed 
to latex.  Natural latex used in this research was obtained from nearest plantation as shown in Figure 
1(b). 
 
2.3 Natural Composite Fabrication 
The specimen preparation of this research started with the coconut fibers extracted from coconut shell by 
hand and dried under sunlight for 24 hours until all the moisture was removed from the fiber. These two 
materials were thoroughly mixed and stirred at low speed until it became uniform. The matrix material 
was poured into the mould slowly in order to avoid air trapping. The mixture was left for 2 hours until it 
becomes tacky. After such mixture process was completed, the coconut fiber woven fabric was laid on the 
matrix layer, which was covered by another layer of matrix by pouring the mixture slowly onto the 
surface of the fiber woven fabric. 
 
 
 
 
 
 
 
 
 
 
                                                       (a)                                                                          (b)                                                                           (c) 
Figure 1: (a) coconut fiber (b) natural rubber/latex and (c) natural fiber composite after mixed. 
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The compounded rubber resulted by mixing process was plastic and was now ready to be shaped. 
This was done by various ways and frequently combined with vulcanization in which the rubber 
undergoes a chemical reaction at a high temperature in order to convert the plastic form into becoming a 
strong and highly elastic material. In order to produce the natural fiber composite as a multipurpose 
insulator, the amount of the coconut fiber was maintained constant, while the amount of the natural latex 
changed. In other ways, the investigation is also carried out toward the effect of the natural latex as the 
multipurpose insulator. 
 
Table 1: Compositions ratio of coconut fiber and natural rubber/latex based on weight percentage. 
 
Composition wt. % coconut fiber wt. % natural rubber/latex
1 100 0
2 95 5
3 90 10
4 85 15
5 80 20
6 75 25
7 70 30
8 65 35
9 60 40
10 55 45
11 50 50
12 45 55
13 40 60
14 actual product made from petroleum extract      
 
 
The first condition was to contain 0 wt. % natural latex of the weight of coconut fiber and then the 
numbers of natural latex were increased by 5 wt. % while the weight of coconut fiber becoming 95 wt. %. 
All of the samples were increased by 5 wt. % until they contained of 60 wt. % latex to the coconut fiber 
weight ratio. Figure 1 (c) showed the completed specimens after mixing process and cut into materials 
and product standards used. Composition ratios of 13 design forms were used in this study as shown in 
Table 1. 
  
 
3.0 RESULTS AND DISCUSSION 
 
3.1 Tensile Test 
Specimens made from 100 % coconut fiber were easily broken because there were no latex used to bind 
the coconut fibers. The average value of maximum stress was lower than the value for fiber composite 
contained with latex. Compared to the specimen with 5 wt. % of latex, it was difficult to break due to 
contain some latex to bind the coconut fiber together. The specimen also had ductile properties because it 
can elongate before break at one point. The average of maximum stress value for fiber composite for 5 wt. 
% latex was 0.14125 MPa; which was higher than the fully fiber composite. This meant that the existence 
of matrix in the composite can affect the properties of the material such as strength, toughness and others 
factor. 
The value of maximum stress fiber composite with 60 wt. % of latex was better compared to fiber 
composite with 5 wt. % of latex due to the latex can bind all the fiber composite homogeneously with 
more quantities so that it was not easy to break due to the bonding between the fibers. This meant that 
the higher amount of latex in the composite, the higher value of strength. The graph of fiber composite 
from 5 wt. % until 60 wt. % was almost similar to each other, while the difference occurred only to the 
value of maximum stress. However, the specimen was totally different to the fiber composite where the 
stress increased linearly and then immediately breaks when it reached broken point. The specimens were 
seen in necking condition during elastic deformation, but they failed in brittle mode whereby the average 
value for Young’s modulus was 0.001266 MPa. This meant that they have more elastic properties 
compared to the fiber composite. 
Figure 2 showed the different percentage between the highest values of force (specimen No.9; 40 
wt% of latex) compared to actual product (specimen No.14) in which the greater of Young’s modulus 
percentage value about 97.54 % to actual product. While the difference in value between specimen No.1 
(0 wt% of latex) and specimen No.9 (40 wt% of latex) was about 166.71 %. In addition, if we compare 
specimen No.1 (0 wt% of latex) to actual product that is represented by specimen No.14, the percentage 
different is about 1426%. The other comparison was between specimen No.5 (20 wt% of latex) to the 
average value. Specimen No.9 (40 wt% of latex) bought about 0.051528 MPa, while the average value is 
0.02652 MPa. So, the percentage different is about 94.30 % higher than average, but for specimen No.14 
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(actual product) and specimen No.1 (0 wt% of latex), it went inversely proportionate which was lower 
than average value about 95.23 % and 27.15 %. 
 
 
(a) (b) 
Figure 2: (a) Young’s Modulus for 14 types of specimen at 
                           tensile test 
 (b) Tensile graph of stress versus stroke for 35 wt. % of latex
 
3.2 Compression Test 
The red line in Figure 3 represents the average value of each specimen, while the blue line show the 
average value for specimen. The average value is 0.095657 MPa. The average value for all specimens at 
the blue line is 0.39262 MPa. The data shows the percentage average data of fiber composite and the 
sample of synthetic rubber that were produced from compression test. This data were obtained after the 
specimen was compressed until 400 MPa.  
Figure 3 showed that the different percentage between the highest value of young modulus 
(specimen No.7 30 wt% of latex) compared to actual product in which the specimen No.7 have a greater 
of young modulus percentage value (43.52 %) to actual product. While the different value between the 
specimen No.1 and the specimen No.7 is about 105.77 % greater than young modulus of specimen No.1. If 
we compare the specimen No.1 with actual product (specimen No.14), the percentage different is about 
195 %. The others comparison is between the specimen No.7 to the average value in which the Specimen 
No.7 bought about 0.13759 MPa, while the average value is 0.095697 MPa. So, the percentage different is 
about 60.92 % higher than average, but for the specimen No.14 went inversely proportionate and lower 
than average value about 45.51 %. While, specimen No.1 is about 12.13 % different to the average. 
 
(a) (b) 
Figure 3: (a) Young’s Modulus for 14 types of specimen at  
                      compression test 
(b) Compression graph of stress versus stroke for 35 wt. % of latex
 
 
3.3 Moisture Absorption Test 
Figure 4 shows the results of the moisture absorption test for 14 specimens. Moisture absorption test 
shows that latex in the composite actually affects the moisture absorption percentage. The more latex in 
natural fiber composite, the less moisture will be absorbed by coconut fiber. However, during this 
research, the data did not show the relationship between the amount of latex and moisture percentage. 
Percentage of moisture absorption for sample no.1 is 2.742 % compared to the sample no.2 which is 
3.188 %. Based on theory, sample no.1 should have greater amount of absorption value compared to 
sample no.2. The disagreement between theoretical and experimental value could be contributed by the 
mixing process where the latex and coconut fiber are not mixed homogenously.  
The moisture content is inversely proportional to the density in the case of natural fiber composite. 
A lower density yields higher porosity, spaces and voids. Consequently, the moisture content increases 
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when the porosity increases as coconut fibers can absorb more moisture (Yuhazri et al, 2010b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Moisture absorption for 14 types of specimen 
 
The moisture content of fibers also has an important effect on their electrical properties in which 
resistance increases by decreasing the moisture content of the fiber. So, the fiber containing 40 % of latex 
is the most suitable specimen for electrical insulator application as it has the lowest percentage of 
moisture absorption. The relative permittivity (dielectric constant) of fibers decreases with decreasing 
moisture content in those fibers that absorb moisture. 
 
3.4 Heat Test Analysis  
Based on Table 2 almost all specimen have high heat absorption percentage, about 87.50 % to 95.00 %. 
The temperature reading ranges from 28.5˚C to 33.5˚C. The sample of synthetic rubber (actual product) 
shows higher value of temperature and lower heat absorption rate compared to the natural fiber 
composite. There are two best composition of composite that have highest heat absorption rate among 
others, which are 25 wt. % and 30 wt. % rubber. Specimen of 30 wt. % is considered the best composite 
for heat insulator because it has more steady and consistent reading compared to 25 wt. %.  
 
Table 2: Heat Absorption Test result data 
 
Compositions Average
Temperature (˚C) 
Heat Absorption
Percentage  (%) 
1 31 90
2 32 87.5
3 30 92.5
4 29.5 93.75
5 30.5 91.25
6 29 95
7 29 95
8 31 90
9 30.5 91.25
10 29.5 93.75
11 29.5 93.75
12 30 92.5
13 30 92.5
14 35 80
 
 
Compared to the synthetic rubber, the natural fiber composite has higher capability to absorb the 
heat. The heat absorption percentage of synthetic rubber sample is 80 % compared to 95 % for natural 
fiber composite. In addition, the synthetic rubber product produces lots of smoke when is heating and 
also had unfavorable smell of the smoke. Although some foul smell were produced from the natural fiber 
composite, but they are less compared to synthetic rubber sample. This is due to the radiation from the 
bulb lamp directed to the specimens without any protection and some of the coconut fibers are burnt.  
It has been presumed that specimen with lesser rubber composition will produce better heat 
absorption compared to specimens with greater amount of rubber. Unfortunately this trend was not 
obvious in the test. Table 2 shows that the readings vary from the lesser rubber composition to the 
greater rubber composition and did not have steady readings. Supposedly, the lesser amount of rubber 
will make better heat insulator as it has lesser density compared to higher amount of rubber (Guo and 
Feng, 2011). Heat will transfer faster on higher density material because the atom arrangement in the 
material is closer to each other and the heat energy can be transferred faster. The test does not support 
this assumption. This means that the amount of rubber composition does not affect much on the heat 
absorption capabilities of the specimens. During the test, natural fiber showed more resistant to heat than 
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synthetic rubber. Synthetic rubber easily produced smoke and after five minutes of exposure to the heat 
source, some parts of the synthetic rubber sample are burnt heavily and surface was damaged as shown 
in Figure 5 (a).  
 
 
                                                                         (a)                                                                                                            (b) 
 
Figure 5: Burnt area at (a) synthetic rubber specimen (b) natural fiber specimen 
 
 
4.0    CONCLUSION 
The mechanical test, physical test, and actual heat test show that 30 % of latex content in coconut fiber 
composite is the best composition for heat insulator applications. Based on heat absorption test, it shows that 
the specimen can absorb 95% of the heat, which is better compared to other specimens and the synthetic rubber 
(actual product). The tensile strength of the specimen is almost the same to other specimens, but it is lower 
compared to synthetic rubber sample. Although there are some differences for young modulus properties, but 
the gap is small.  Since the heat insulator application did not require high tensile modulus properties, therefore 
this difference is acceptable. This research shows that natural fiber composite has very good heat insulating 
properties and suitable for various applications. This new invention material can be used as an alternative for 
heat insulator application due to their characteristic against heat, as well as they are cheaper and also 
environmental friendly. 
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